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(54) Combined heat and power plant, and method for Hs operation 



(57) A combined heat and power plant comprises 
an internal combustion engine (1); a steam boiler (4); a 
main line (3) which connects an outlet of the internal 
combustion engine (1) to an inlet of the boiler, for dis- 
charging gases from the internal combustion engine (1) 
to the boiler (4); a main line valve (5*), accommodated in 
the main line (3), for opening and closing the latter in a 
controllable manner; an air supply line (9) which opens 
out into the main line (3) downstream of the main line 
valve (5 1 ) and in which a fan (10) for supplying combus- 
tion air to the main line (3) is accommodated; an air sup- 
ply line valve (11), accommodated in the air supply line 
(9) downstream of the fan (10), for opening and closing 



the air supply line (9) in a controllable manner; and a 
burner (12) accommodated in the main line (3) down- 
stream of the air supply line (9). Upstream of the main 
line valve (5% the main line (3) is provided with a blow- 
off line (1 4) which blows off into the atmosphere, and in 
which a blow-off line valve (15) is accommodated for 
opening and closing the blow-off line (14) in a controlla- 
ble manner. The blow-off line (14) is designed to dis- 
charge at most the gas output generated by the internal 
combustion engine (1) at a blow-off rotational speed 
which is lower than the nominal rotational speed. 
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Description 

[0001] The invention relates to a combined heat and 
power plant comprising: an internal combustion engine; 
a steam boiler; a main line which connects an outlet of 
the internal combustion engine to an inlet of the boiler, 
for discharging gases from the internal combustion 
engine to the boiler; a main line valve, accommodated 
in the main line, for opening and closing the latter in a 
controllable manner; an air supply line which opens out 
into the main line downstream of the main line valve, 
and in which a fan for supplying combustion air to the 
main line is accommodated; an air supply line valve, 
accommodated in the air supply line downstream of the 
fan, for opening and closing the air supply line in a con- 
trollable manner; and a burner accommodated in the 
main line downstream of the air supply line. The inven- 
tion also relates to a method for operating such a com- 
bined heat and power plant. 

[0002] A combined heat and power plant generally 
comprises an internal combustion turbine connected to 
an electric generator. Instead of an internal combustion 
turbine, another internal combustion engine, such as a 
piston engine, can also be used. Where an internal 
combustion turbine is mentioned in this document, this 
term also includes any other internal combustion 
engine. 

[0003] In a very simple embodiment, in which the main 
line valve, the fan, the air supply line, the air supply line 
valve and the burner are absent, the flue gases from the 
internal combustion turbine are discharged directly by 
way of a main line to a steam boiler, below simply called 
a boiler. The main line per se can comprise several par- 
allel lines. In this arrangement the internal combustion 
turbine and the boiler can only be in operation simulta- 
neously. 

[0004] If the public electric power supply is unreliable, 
it is desirable also to be able to have the internal com- 
bustion turbine in operation separately, with the boiler 
out of operation. For this purpose, in the arrangement 
according to the previous paragraph the main line 
between the internal combustion turbine and the boiler 
is provided with a branch line which discharges the flue 
gases into the atmosphere and which can process the 
maximum output of flue gases and can be shut off and 
opened by means of a branch line valve. In addition to 
this, a main line valve is accommodated in the main line, 
downstream of the branch line, for opening and closing 
of the main line. In practice, the branch line valve and 
the main line valve can be combined to form one 
change-over valve, which shuts off the main line when 
the branch line is opened and shuts off the branch line 
when the main line is opened. This means that the inter- 
nal combustion turbine can either be operated in isola- 
tion or in parallel with the boiler, with free discharge of 
the flue gases being ensured in both operating situa- 
tions. 

[0005] If high standards are set for the reliability and 



the availability of the combined heat and power plant, in 
particular the availability of its heat supply, it must be 
ensured that the boiler can remain in operation despite 
the fact that the internal combustion turbine may break 

5 down, preferably without a significant change in the sup- 
ply of heat to the boiler. For this purpose, the plant sup- 
plied with a branch line has a burner and a fan added to 
it. The burner is accommodated in the main line 
between the branch line and the boiler, while the fan can 

70 introduce combustion air into the main line at a point 
between the main line valve and the burner, by way of 
an air supply line in which a valve is accommodated. If 
the internal combustion turbine is not available or 
breaks down, the combination of the burner and the fan 

is supplies the necessary hot flue gases to keep the boiler 
in operation. 

[0006] In order to minimize disruptions in the steam 
supply by the steam boiler as far as possible during a 
"flying- takeover (= during operation) by the burner from 

so the internal combustion turbine, the valve in the branch 
line must be controllable, in addition to a change-over 
valve possibly also being present. This change-over 
valve can also be replaced by a controllable main line 
valve. Since in such a circuit it must be prevented in all 

25 circumstances that the flue gases coming from the inter- 
nal combustion turbine are blocked when both the 
branch line valve and the main line valve are closed, the 
branch line valve is provided with an emergency open- 
ing function, which goes into operation when a certain 

30 pressure downstream of the internal combustion turbine 
is exceeded. 

[0007] The circuit described in the previous paragraph 
makes isolated operation of the internal combustion tur- 
bine or isolated operation of the boiler possible, and 

35 also parallel operation of the internal combustion tur- 
bine and the boiler. Even rf isolated operation of the 
internal combustion turbine is not necessary, when a 
change-over is made from parallel operation of the inter- 
nal combustion turbine and the boiler to isolated opera* 

40 tion of the boiler, the branch line is necessary for 
replacing the flue gas stream from the internal combus- 
tion turbine to the boiler in a controlled manner by the 
flue gas stream from the burner. The branch line is also 
necessary when a change-over is made from isolated 

45 operation of the boiler to parallel operation of the inter- 
nal combustion turbine and the boiler, in the case of 
which the flue gas stream from the burner to the boiler 
is replaced in a controlled manner by the flue gas 
stream from the internal combustion turbine. Moreover, 

so the branch line is necessary for running down and cod- 
ing off the internal combustion turbine after it has been 
separated from the boiler. 

[0008] A disadvantage of the use of a branch line is 
that the valve(s) with its/their seal(s) starts) to leak, 
55 which in the case of parallel operation of the internal 
combustion turbine and the boiler leads to loss of effi- 
ciency which increases exponentially with increasing 
size of the valves used. 
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[0009] If isolated operation of the internal combustion 
turbine is not necessary, a branch line with valve(s) is 
still necessary for putting the internal combustion tur- 
bine and the burner into and out of operation in a con- 
trolled manner and for running down the internal 5 
combustion turbine after it has been separated from the 
boiler. However, incorporating the branch line and all the 
ancillary facilities requires considerable capital invest- 
ment 

[0010] Another disadvantage of the combined heat 10 
and power plant according to the prior art is that for safe 
operation it requires complicated control, regulation and 
protection. 

[001 1 ] The object of the invention is to provide a com- 
bined heat and power plant which has greatly reduced is 
leakage losses, is considerably cheaper, and the regu- 
lation, control and protection of which can be achieved 
in a considerably simpler way. 
[0012] To that end, the combined heat and power 
plant according to the invention ts characterized in that 20 
upstream of the main line valve the main line is provided 
with a blow-off line which blows off into the atmosphere, 
and in which a blow-off line valve is accommodated, for 
opening and closing the blow-off line in a controllable 
manner, the btow-off line being adapted to discharge at 25 
most the gas output generated by the internal combus- 
tion engine at a btow-off rotational speed which is lower 
than the nominal rotational speed. In particular, the 
blow-off rotational speed is substantially equal to the 
starting rotational speed at which the internal combus- 30 
tion engine is started up. For an internal combustion tur- 
bine, this starting rotational speed is lower than about 
one thousand revolutions per minute, in particular 
between about five hundred and eight hundred revolu- 
tions per minute. 35 
[001 3] In the combined heat and power plant accord- 
ing to the invention, the branch line with a branch line 
valve customary in the prior art has been dispensed 
with, both the above having to be designed for the dis- 
charge of the flue gas stream from the internal combus- 40 
tion engine when the latter is under full load. They are 
replaced according to the invention by simply providing 
the abovementioned blow-off line and the abovemen- 
tioned blow-off line valve, both of which need only be 
designed for the discharge of the gas stream from the 45 
internal combustion engine at its (relatively low) blow-off 
rotational speed, which gas stream consists mainly of 
air and possibly combustible residual gas components 
to be vented out, and not of hot flue gases. The inven- 
tion is partly based on the insight that the hot flue gases so 
from the internal combustion engine can be discharged 
by way of the main line and the steam boiler during all 
operational processes and in all operational states of 
the plant. When the internal combustion engine has 
been started up and therefore f res and produces flue ss 
gases, the blow-off line valve is fully closed and the 
main line valve is open. For example, when the internal 
combustion engine is being put into planned operation, 



its outlet is already connected to the inlet of the steam 
boiler, the blow-off line valve is already fully closed and 
the main line valve is already opened before the internal 
combustion engine is started up. The hot flue gases in 
that case and also in other operating states need not be 
discharged through the blow-off line. 
[0014] The blow-off line between the internal combus- 
tion engine and the main line valve is the line descend- 
ing from the main line with the highest gas throughput 
capacity, higher than that of any other descending line. 
The blow-off line can be produced cheaply, owing to the 
relatively low standards which it has to meet. 
[001 5] In the combined heat and power plant accord- 
ing to the invention, isolated operation of the internal 
combustion engine is not possible, but this is not 
required in many applications anyway, for example 
when a reliable public electric power supply is available, 
or when the continuity of the electric energy supplied by 
the internal combustion engine is not critical. The con- 
trol, regulation and protection can consequently be pro- 
vided in a simpler and cheaper form. The main line 
valve does have emergency opening means provided, 
in order to protect the internal combustion engine. 
[0016] In a preferred embodiment, the characteristic 
of the fan is selected in such a way that the output of the 
fan falls when there is an increase in pressure at the 
delivery side of the fan. 

[0017] The invention is explained in greater detail 
below with reference to the appended drawing, in which: 

Fig. 1 shows diagrammatically a circuit of a com- 
bined heat and power plant according to the prior 
art; and 

Fig. 2 shows diagrammatically a circuit of a com- 
bined heat and power plant according to the inven- 
tion. 

[0018] In the different figures, identical reference 
numerals relate to identical parts or parts with an identi- 
cal function. 

[0019] Fig. 1 shows a conventional combined heat 
and power plant with an internal combustion turbine 1 , 
which is connected to an electric generator 2 for gener- 
ating electric energy. Rue gases coming from the inter- 
nal combustion turbine 1 are discharged through a main 
line 3 to a steam boiler 4. A regulable main line valve 5, 
which can shut off the main line 3 fully or partially to an 
extent to be predetermined (by means of a regulating 
mechanism 5a), is accommodated in the main line 3. 
[0020] A branch line 6 is fitted between the internal 
combustion turbine 1 and the main line valve 5. which 
branch line leads to a stack 7, which discharges the 
spent gases into the atmosphere (also known as an 
emergency stack or bypass stack). Such a stack 7 nor- 
mally has a diameter of several metres, generally three 
to four metres, and repr sents a considerable capital 
investment. A regulable branch line valve 8 is accom- 
modated in the branch line 6, which valve can fully or 
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partially shut off the branch line 6 to an extent to be pre- 
determined (by means of a regulating mechanism 8a), 
in coordination with the position of the main line valve 5. 
The branch line valve 8 is provided with emergency 
opening means 8b which react to the pressure in the 
main line 3 between the internal combustion turbine 1 
and the main line valve 5 rising above a certain value, 
by opening the branch line valve 8. In the designing of 
combined heat and power plants with a main line valve 
5 according to the prior art, it has always been assumed 
that the emergency opening means 8b has to be capa- 
ble of discharging the full exhaust capacity of the inter- 
nal combustion turbine 1 directly to the atmosphere. 
[0021] An air supply line 9, which opens out into the 
main line 3 is installed between the main line valve 5 
and the boiler 4, by way of which air supply line combus- 
tion air can be forced by means of a fan 1 0 into the main 
line 3. A regulable air supply line valve 1 1 , which can 
fully or partially shut off the air supply line 9 to an extent 
to be predetermined (by means of a regulating mecha- 
nism 11a), in coordination with the position of the main 
line valve 5, is accommodated in the air supply line 9. 
[0022] An auxiliary burner 1 2 is accommodated in the 
main line 3 between the air supply line 9 and the boiler 
4. The auxiliary burner 12 receives fuel by way of a line 
13. 

[0023] For starting up of the internal combustion tur- 
bine 1 in isolated operation, the branch line valve 8 is 
opened and the main line valve 5 is closed, and this 
state is maintained while the internal combustion tur- 
bine 1 is being brought up to the desired load and dur- 
ing normal operation thereafter. 
[0024] For starting up of the internal combustion tur- 
bine 1 in parallel operation of the internal combustion 
turbine 1 and the boiler 4, the branch line valve 8 is 
opened and the main line valve 5 is closed, or vice 
versa. The internal combustion turbine 1 is put into 
operation up to a minimum electric load of a few per 
cent. If the internal combustion turbine is started up on 
the branch line 6. the main line valve 5 is then opened 
and the branch line valve 8 is closed. The boiler 4 can 
now be put into operation, after which the internal com- 
bustion turbine 1 is brought up to the desired load. The 
load of the boiler 4 follows the load of the internal com- 
bustion turbine 1. 

[0025] When stopping the plant when the internal 
combustion turbine 1 and the boiler 4 are in parallel 
operation, the internal combustion turbine 1 is brought 
down to a minimum load, after which it is put out of oper- 
ation. The boiler 4 is then put out of operation. In this 
case also, the load of the boiler 4 follows the load of the 
internal combustion turbine 1 . 
[0026] If the internal combustion turbine 1 and the 
boiler 4 are both in operation and the internal combus- 
tion turbine 1 unexpectedly breaks down, it will run 
down through its mass inertia. The output and the tem- 
perature of the gases coming from the interna) combus- 
tion turbine 1 fall in the process. In order to minimize the 



disruption to the steam production of the boiler 4, a 
change-over is made to the auxiliary burner 12. For this 
purpose, the following occurs in a predetermined man- 
ner: 

5 

- the fan 1 0 is put into operation ; 

the air supply line valve 1 1 is opened; 
the main line valve 5 is closed; and 
the auxiliary burner 12 is put into operation and 
10 brought up to load. 

[0027] If the internal combustion turbine 1 and the 
boiler 4 are both in operation and the internal combus- 
tion turbine 1 is put out of operation in a planned man- 
15 ner without putting the boiler 4 out of operation, the 
following occurs in a predetermined manner: 

the fan 10 is put into operation; 
the air supply line valve 1 1 is opened; 
20 - the main line valve 5 is closed on the basis of a reg- 
ulation which keeps the pressure upstream of the 
boiler 4 constant; 

the branch line valve 8 is opened on the basis of a 
regulation which keeps the pressure in the main 
25 line upstream of the main line valve 5 constant; and 

- the internal combustion turbine 1 is put out of oper- 
ation. 

[0028] If the auxiliary burner 1 2 and the boiler 4 are in 
30 operation, and the internal combustion turbine 1 is put 
into operation in a planned manner to take over the 
operation of the auxiliary burner 12, the following occurs 
in a predetermined manner: 

35 - the internal combustion turbine 1 is put into opera- 
tion in the manner described earlier, by way of the 
branch line 6, the branch line valve 8 being opened 
and the main line valve 5 being closed; 

- the branch line valve 8 is dosed to such an extent 
40 that there is no longer any pressure difference 

across the main line valve 5; 
the air supply tine valve 1 1 is closed in a predeter- 
mined manner; 

the main line valve 5 is opened on the basis of a 
45 regulation which keeps the pressure in the main 
line 3 upstream of the boiler 4 constant; 
the branch line valve 8 is closed further on the basis 
of a regulation which keeps the pressure in the 
main line 3 upstream of the main line valve 5 con- 
so stant; and 

- the fan 10 is put out of operation. 

[0029] Fig. 2 shows a combined heat and power plant 
according to the invention, with the internal combustion 
55 turbine 1 connected to the el ctric generator 2. Flue 
gases coming from the internal combustion turbine 1 
are discharged through the main tine 3 to the steam 
boiler 4. The regulable main line valve 5' is accommo- 
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dated in the main line 3, which valve can fully or partially 
shut off the main line 3 to an extent to be predetermined 
(by means of a regulating mechanism 5'a). The main 
line valve 5* is provided with emergency opening means 
513, which react by opening the main line valve 5' when 5 
the pressure in the main line 3 between the internal 
combustion turbine 1 and the main line valve 5' rises 
above a certain value. It has been found that the emer- 
gency opening means 5"b. which discharge flue gases 
through the steam boiler 4, ensure safe operation of the ro 
combined heat and power plant and permit reliable and 
efficient operation of the plant (in particular also (iso- 
lated) operation of the steam boiler 4). 
[0030] The air supply line 9, which opens out into the 
main line 3, is installed between the main line valve 5' is 
and the boiler 4, by way of which air supply line combus- 
tion air can be forced into the main line 3 by means of 
the fan 10. The regulable air supply line valve 11 is 
accommodated in the air supply line 9, which valve can 
fully or partially shut off the air supply line 9 to an extent 20 
to be predetermined (by means of a regulating mecha- 
nism 11a), in coordination with the opening position of 
the main line valve 5*. 

[0031 ] The auxiliary burner 1 2 is accommodated in 
the main line 3 between the air supply line 9 and the 25 
boiler 4. The auxiliary burner 12 receives fuel by way of 
the line 13. 

[0032] Between the internal combustion turbine 1 and 
the main line valve 5\ the main line 3 is provided with a 
blow-off line 14, in which a regulable blow-off line valve 30 
15 is accommodated, which valve can fully or partially 
shut off the blow-off line to an extent to be predeter- 
mined (by means of a regulating mechanism 15a). 
[0033] When the plant according to Fig. 2 is compared 
with the plant according to Fig. 1 , it is immediately clear 35 
that in Fig. 2 a branch line and a branch line valve are 
absent and have been replaced by a blow-off line 14 
with a blow-off line valve 15. The blow-off line 14 has a 
considerably lower capacity than the branch line 6 
according to Fig. 1 , and the blow-off line valve 1 5 is con- 40 
siderably smaller and simpler than the branch line valve 
8 according to Fig. 1. The capacity of the blow-off line 
14 is approx. 15 to 20 per cent of the capacity of the 
main line 3. This capacity is sufficient for blowing off the 
gas output, which is blown off at higher blow-off rota- 45 
tional speeds (up to approx. 1000 revolutions per 
minute) by the internal combustion turbine by way of the 
main line 3. The blow-off line 14 need not be suitable for 
discharging flue gases from the internal combustion tur- 
bine 1 , since these flue gases can be discharged by way so 
of the main line 3 through the steam boiler 4. 
[0034] In the circuit according to Fig. 2. isolated oper- 
ation of the internal combustion turbine 1 is not possi- 
ble, since the blow-off line 14 is unsuitable for 
discharging the flue gases of the internal combustion ss 
turbine 1 . 

[0035] For starting up the internal combustion turbine 
1 in parallel operation of the internal combustion turbine 



1 and the boiler 4, the main line valve 5' is opened. The 
internal combustion turbine 1 is first put into operation 
up to a minimum electric load of a few per cent. The 
boiler 4 is then put into operation, after which the inter- 
nal combustion turbine 1 is brought up to the desired 
load The load of the boiler 4 follows the load of the 
internal combustion turbine 1. 
[0036] For stopping the plant in parallel operation of 
the internal combustion turbine 1 and the boiler 4, the 
internal combustion turbine 1 is brought down to a min- 
imum load, after which the interna) combustion turbine 
is put out of operation. The boiler 4 is subsequently put 
out of operation In this case also, the load of the boiler 
4 follows the load of the internal combustion turbine 1 . 
[0037] If both the internal combustion turbine 1 and 
the boiler 4 ate in operation and the internal combustion 
turbine 1 unexpectedly breaks down (the internal com- 
bustion turbine trips), the latter will run down through its 
mass inertia. In order to minimize the disruption to the 
steam production of the boiler 4, a change-over is made 
to the auxiliary burner 1 2. For this purpose, the following 
occurs in a predetermined manner: 

the fan 10 is put into operation; 
the air supply line valve 1 1 is opened when the fan 
10 supplies sufficient pressure, the fan 10 supply- 
ing an air stream in accordance with its capacity 
curve, depending on the counterpressure from the 
boiler 4, and the air output automatically increasing 
further as the output of the gases coming from the 
internal combustion turbine 1 falls: 

- the blow-off line 15 is opened and the main line 
valve 5' closed when the rotational speed of the 
internal combustion turbine 1 has become lower 
than the blow-off rotational speed; and 

- the auxiliary burner 12 is put into operation at low 
capacity (if it was not already in operation) and is 
brought up to capacity. 

[0038] The internal combustion turbine 1 now runs 
down further by way of the blow-off line 14. 
[0039] If the internal combustion turbine 1 and the 
boiler 4 are both in operation and the internal combus- 
tion turbine 1 is put out of operation in a planned man- 
ner without putting the boiler 4 out of operation, the 
following occurs in a predetermined manner: 

the fan 10 is put into operation; 

the air supply line valve 1 1 is opened when the fan 

10 supplies sufficient pressure, the fan design 

being such that the fan can supply a minimum 

quantity of air at full counterpressure from the b iler 

4; 

- the auxiliary burner 12 is put into operation at low 
capacity (if it was not already in operation); 

- the internal combustion turbine 1 is brought down to 
a minimum load; 

the internal combustion turbine 1 is put out of oper- 
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ation, after which it runs down further to the boiler 4; 
the blow-off line valve 1 5 is opened and the main 
line valve 5' closed when the rotational speed of the 
internal combustion turbine 1 has become lower 
than the blow-off rotational speed; 5 
the auxiliary burner 12 is brought up to load; and 
the internal combustion turbine 1 is enabled to run 
down completely by way of the blow-off line 14. 

[0040] If the fan 10, the auxiliary burner 12 and the 10 
boiler 4 are in operation and the fan 10 is put out of 
operation in a planned manner, and the internal com- 
bustion turbine 1 is put into operation in a planned man- 
ner, without the boiler 4 being put out of operation, the 
following occurs in a predetermined manner: is 

with the main line valve 5' closed and the blow-off 
line valve 15 open, the internal combustion turbine 
1 is brought by means of a starting motor to a start- 
ing rotational speed of approximately 500-800 revo- 20 
lutions per minute, the internal combustion turbine 
1 being vented in order to discharge any combusti- 
ble components which might still be present in it; 
the blow-off line valve 1 5 is partially dosed in order 
to make the pressures upstream and downstream 25 
of the main line valve 5* substantially equal to each 
other; 

the main line valve 5* is opened; 
the blow-off line valve 15 is closed, both the fan 10 
and the internal combustion turbine 1 conveying air 30 
to the auxiliary burner 12, which produces an auto- 
matic decrease in the air output supplied by the fan 
10 in accordance with its characteristic, with the 
result that the total gas flow through the boiler 4 and 
the pressure at the inlet of the boiler 4 increase only 35 
slightly; 

the internal combustion turbine 1 is started up fur- 
ther, the combustion being started so that the inter- 
nal combustion turbine subsequently fires and 
produces flue gases, and so that both the gas 40 
stream generated by the internal combustion tur- 
bine 1 and its temperature increase; 
the supply of fuel to the auxiliary burner 12 is 
reduced, the air output supplied by the fan 1 0 auto- 
matically decreasing when the output of the gases 45 
coming from the internal combustion turbine 1 
increases; 

the air supply line valve 1 1 is closed; 

the fan 1 0 is put out of operation; and 

the auxiliary burner 12 is brought back to a low so 

capacity and, if desired, put out of operation. 

Claims 

1 . Combined heat and power plant, comprising: 55 

an internal combustion engine; 
a steam boiler; 



- a main line which connects an outlet of the 
internal combustion engine to an inlet of the 
boiler, for discharging gases from the internal 
combustion engine to the boiler; 

- a main line valve, accommodated in the main 
line, for opening and closing the latter in a con- 
trollable manner; 

- an air supply line which opens out into the main 
line downstream of the main line valve and in 
which a fan for supplying combustion air to the 
main line is accommodated; 

an air supply line valve, accommodated in the 
air supply line downstream of the fan, for open- 
ing and closing the air supply line in a controlla- 
ble manner; and 

a burner accommodated in the main line down- 
stream of the air supply line, 
characterized in that upstream of the main line 
valve (5*), the main line (3) is provided with a 
blow-off line (14) which blows off into the 
atmosphere, and in which a blow-off line valve 
(15) is accommodated, for opening and dosing 
the blow-off line (14) in a controllable manner, 
the Wow-off line (14) being adapted to dis- 
charge at most the gas output generated by the 
internal combustion engine (1) at a blow-off 
rotational speed which is lower than the nomi- 
nal rotational speed. 

2. Combined heat and power plant according to daim 
1, characterized in that the blow-off rotational 
speed is substantially equal to the starting rota- 
tional speed at which the interna! combustion 
engine is started. 

3. Combined heat and power plant according to daim 
1 or 2, characterized in that the blow-off line (14) 
between the internal combustion engine (1) and the 
main line valve (5*) is the line descending from the 
main line (3) with the highest gas throughput capac- 
ity, higher than that of any other descending line. 

4. Combined heat and power plant according to any of 
daims 1-3, characterized in that the main line valve 
(5 f ) is provided with emergency opening means 
(5t>). 

5. Combined heat and power plant according to any of 
daims 1-4, characterized in that the characteristic 
of the fan (10) is selected in such a way that the out- 
put of the fan (10) falls when there is an increase in 
pressure at the delivery side of the fan (10). 

6. Combined heat and power plant according to any of 
daims 1-5, characterized in that the internal com- 
bustion engine is an internal combustion turbine 
(1). 
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7. Combined heat and power plant according to claim 

6. characterized in that the blow-off rotational 
speed is lower than about a thousand revolutions 
per minute. 

5 

8. Combined heat and power plant according to claim 

7, characterized in that the blow-off rotational 
speed lies between about five hundred and eight 
hundred revolutions per minute. 

10 

9. Method for operating the combined heat and power 
plant according to any of claims 1-8, characterized 
in that during the operation of the internal combus- 
tion engine (1) and the boiler (4) and subsequent 
unexpected breakdown of the internal combustion is 
engine (1) the following steps are carried out: 

the fan (1 0) is put into operation; 

- the air supply line valve (11) is opened when 
the fan (10) supplies sufficient pressure, the fan 
(1 0) supplying an air stream in accordance with 
its capacity curve, depending on the counter- 
pressure from the boiler (4), and the air output 
automatically increasing further as the output 
of the gases coming from the internal combus- 
tion engine (1) falls; 

- the blow-off line valve (15) is opened and the 
main line valve (5*) closed when the rotational 
speed of the internal combustion engine (1) 
has become lower than the blow-off rotational 
speed; 

- if the burner (1 2) is not yet in operation, it is put 
into operation at low capacity; and 

- the burner (1 2) is brought up to load. 

10. Method for operating the combined heat and power 
plant according to any of claims 1 -9, characterized 
in that during operation of the internal combustion 
engine (1) and the boiler (4) and subsequent 
putting out of operation of the internal combustion 
engine (1) and putting into operation of the burner 
(12) in a planned manner, the following steps are 
carried out: 



(1) has become lower than the blow-off rota- 
tional speed; 

- if the burner (1 2) is not yet in operation, it is put 
into operation at low capacity; 

- the burner (12) is brought up to load; and 

- the internal combustion engine (1) is enabled 
to run down completely by way of the blow-off 
line (14). 

1 1 . Method for operating the combined heat and power 
plant according to any of claims 1 -1 0, characterized 
in that during operation of the fan (10), the burner 
(12) and the boiler (4) and subsequent putting out 
of operation of the fan (10) and putting into opera- 
tion of the internal combustion engine (1) in a 
planned manner, the following steps are carried 
out: 



- with the main line valve (5') closed and th 
20 blow-off line valve (15) open, the internal com- 
bustion engine (1) is brought by means of a 
starting motor to a starting rotational speed, 
the internal combustion engine (1) being venti- 
lated; 

25 - the blow-off line valve (1 5) is partially dosed in 
order to make the pressures upstream and 
downstream of the main line valve (5') substan- 
tially equal to each other; 

- the main line valve (5)* is opened; 
30 - the blow-off line (1 5) is closed, both the fan (1 0) 

and the internal combustion engine (1) supply- 
ing air to the burner (12); 

- the internal combustion engine (1 ) is started up 
further; 

35 - the supply of fuel to the burner (1 2) is reduced 
and the air output supplied by the fan (10) auto- 
matically decreases as the output of the gases 
coming from the internal combustion engine (1 ) 
increases; 

40 - the air supply line valve (1 1 ) is closed; 

- the fan (1 0) is put out of operation; 

- the burner (12) is brought to a low capacity; 
and 

- if desired, the burner (12) is put out of opera- 
tion. 



- the fan (10) is put into operation; 45 

- the air supply line valve (11) is opened when 
the fan (10) supplies sufficient pressure, the fan 
design being such that the fan can supply a 
minimum quantity of air at full counterpressure 
from the boiler (4); so 

- the internal combustion engine (1) is brought 
down to a minimum load; 

- the internal combustion engine (1) is put out of 
operation, after which it runs down further to 
the boiler (4); ss 

- the blow-off line valve (15) is opened and the 
main line valve (5*) is closed when the rota- 
tional speed of the internal combustion engine 
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